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ACSA and muscle strength (mean ± SD) in painful OA knees with and without
radiographic JSN
Anatomical muscle cross
sectional area - ACSA (cm2)
Muscle
strength (N)
Quadriceps Hamstrings Adductors Extensors Flexors
JSN0 (n¼44) 47.012.0 32.08.1 9.44.5 292.0111.9 123.347.9
JSN1 (n¼27) 48.013.0 31.37.2 9.85.4 302.0119.4 131.159.1
JSN2/3(n¼17) 44.212.6 33.58.8 10.25.1 275.488.6 118.841.1
Table2: Side differences between contra-lateral painful knees with and without
radiographic JSN
Anatomical muscle cross
sectional area (ACSA in %)
Muscle
strength (%)
Quadriceps Hamstrings Adductors Extensors Flexors
JSN1 vs no
JSN (n¼27)
+0.912 +0.57.8 -0.625 +3.822 +2.926
JSN2/3 vs no
JSN (n¼17)
-3.416 +1.79.0 +21.022* +0.125 -1.222
mean ± SD; * p<0.05 without adjustment for multiple comparisons; JSN ¼
radiographic joint space narrowing
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THIGH MUSCLE CROSS-SECTIONAL AREAS AND STRENGTH ARE
NOT REDUCED IN ADVANCED VERSUS EARLY PAINFUL KNEE
OSTEOARTHRITIS - A BETWEEN-KNEE WITHIN-PERSON COMPARISON
IN OAI PARTICIPANTS
A.S. Ruhdorfer 1, T. Dannhauer 1,2, W. Wirth 1,2, M. Hudelmaier 1,2,
M. Sattler 1, C.K. Kwoh 3, A. Guermazi 4,5, D.J. Hunter 6, O. Benichou 7,
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Purpose: Patients with knee osteoarthritis (OA) display lower quadriceps
muscle strength than healthy subjects. However, it is currently unclear
whether thigh muscle weakness precedes cartilage degradation and
represents an independent risk factor for structural progression in knee
OA. The current study attempts to provide a step in disentangling the
above relationship by testing whether anatomical thigh muscle cross-
sectional areas (ACSAs) and strength are reduced in painful knees with
advanced OA vs painful knees with early OA. To avoid confounding by
differences in body size (and other whole-body speciﬁc factors),
a between-knee, within-person study designwas used to directly compare
painful knees with radiographic joint space narrowing (JSN) with painful
contra-lateral knees without JSN.Methods: The subsample studied was drawn from the ﬁrst half (2678
cases) of the OAI cohort (clinical data set 0.2.1 and imaging sets 0.C.1) with
the following criteria: BMI>25, frequent knee pain (most days of at least
one month in the past 12 months) in both knees; medial JSN OARSI grades
1-3 in one knee, no medial (or lateral) JSN in the other (contra-lateral)
knee. The participants were selected based on the radiographic OAI site
readings; these were conﬁrmed by a musculoskeletal radiologist (A.G.),
and were adjudicated by a rheumatologist (D.H.) in case of discrepancies. A
total of 70 cases fulﬁlled these speciﬁc inclusion criteria, and 44 of these
had axial acquisitions of the thighs (T1-weighted spin-echoMRI sequence)
available. Custom software was used to determine the ACSAs and signal
(mean and SD) of the quadriceps, hamstrings and adductor muscles in an
axial image located at 33% (from distal) of the total femoral length (esti-
mated by body height). Maximal isometric extensor and ﬂexor strength
(Isometric chair, Metitur Oy, Jyvaskyla, Finland) were available for 40 of
these participants from the OAI data base. A paired t-test was used to
compare painful JSN versus contra-lateral painful no-JSN knees.
Results: The subsample of 44 participants included 13 men and 31 women
aged 63.68.9 years [meanSD], with a BMI of 30.84.3 kg/m2. 27
participants showed medial JSN grade 1, 13 grade 2, and 4 grade 3 in the
JSN knees (Table 1).There were no signiﬁcant differences (p<0.05) in thigh
ACSAs and muscle strength between JSN vs contra-lateral no-JSN knees;
this also was the case when stratifying for JSN1 vs contralateral and JSN2/3
vs contralateral no-JSN knees (Table 2), except for the ACSAs of the
adductors.Further, no differences in muscle signal intensity (as a potential estimate of
intramuscular fat) were detected between JSN and no-JSN knees (data not
shown).
Conclusions: The results show that when both knees exhibit frequent
pain, no differences in thigh muscle ACSAs and strength can be detected
between those with advanced radiographic knee OA (JSN) and those with
early OA (no JSN). These ﬁndings should be conﬁrmed in longitudinal
studies with greater statistical power and may be speciﬁc to a between-
knee, within-person comparison. Although muscle weakness may be
associated with the onset of painful knee OA, the current ﬁndings do not
support that loss of muscle ACSA and strength play an important role in the
progression from painful early to painful advanced radiographic knee OA,
or that radiographic progression is directly associated with a reduction in
muscle ACSAs and strength.
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ENHANCING SENSITIVITY TO DETECT CHANGE IN CARTILAGE
MORPHOLOGY ASSOCIATED WITH KNEE OSTEOARTHRITIS BY
ASSESSING THICKNESS DISTRIBUTION
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Purpose: Improving the sensitivity of magnetic resonance imaging for
analyzing changes of cartilage morphology in patients with knee osteo-
arthritis (OA) would greatly enhance the understanding of OA etiology and
the evaluation of new treatments. Volume and mean thickness are
frequently used; however these metrics require long time intervals before
changes are detectable. Recent studies have shown that the distribution of
cartilage thickness was consistent among healthy knees and suggest that
assessing thickness distribution might enhance the sensitivity for detect-
ing morphological changes.
The objective of this study was to determine if measures of thickness
distribution can enhance the sensitivity to detect differences in cartilage
morphology between healthy knees and knees with various degrees of OA
by testing the hypothesis that the divergence from healthy would be more
sensitive to OA severity with assessments based on thickness distribution
than with assessments based on mean thickness.
Methods: One group of 12 healthy knees and four groups of 12 OA knees
with Kellgren/Lawrence (K/L) grades of 1, 2, 3, and 4 were studied
(29 male; 5514 yrs; 1.70.1 m; 7816 kg). After providing IRB-approved
informed consent, each knee was scanned using a sagittal 3D-SPGR
sequence at 1.5 T, and a 3D model of the femoral cartilage was built. The
cartilage thickness mapwas calculated for the bone-cartilage layer, and the
thickest cartilage point in a predeﬁned region in the anterior medial
condyle was located using a weighted average (Fig. 1). Then, for each knee,
four parameters were calculated: (a) the mean thickness of the medial
condyle, (b) the mean thickness in the vicinity of the thickest point, and
the (c) anterior-posterior and (d) medial-lateral thickness patterns around
the thickest point (Fig. 1). To estimate the divergence, for each knee, these
parameters were compared with average parameters obtained during
a previous study including 90 healthy knees; the absolute differences were
calculated for the mean thicknesses, and the RMS differences were
calculated for the patterns. Finally, the divergences obtained with the
healthy group were considered normal divergences, and Wilcoxon rank
sum tests were used to determine if the divergences obtained with the OA
groups were different than these normal divergences.ĂResults:While all parameters showed an increase of the divergence with
OA severity, the sensitivity was strongest when using the medial-lateral
thickness pattern (Fig. 2d) as this measure reported signiﬁcantly higher
divergences than normal for the K/L 2, 3, and 4 groups. The anterior-
posterior pattern indicated higher divergences for the K/L 2 and 4 groups,
and with the mean thicknesses only the divergence for the K/L 4 group
over the entire condyle was signiﬁcantly different than normal.
ĂConclusions: This study demonstrated that thickness patterns are more
sensitive to alteration of cartilage than mean thicknesses alone. An
explanation for this might be that the swelling and thinning occurring
with OA compensate themselves in term of mean thickness, but both
contribute to modify the distribution of cartilage thickness. This study also
showed that the consistent healthy patterns of thickness distribution on
the medial femoral cartilage are altered with OA severity as early as KL 2.
While this cross-sectional study should be interpreted with consideration
of the small cohort, the results indicate that the distribution of medial
femoral cartilage thickness is altered with OA and suggest that the sensi-
tivity to detect early OA changes or changes over small time intervals can
be enhanced by assessing the thickness distribution which is affected by
both swelling and thinning.
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EVALUATION OF SEPARATE QUANTITATIVE RADIOGRAPHIC FEATURES
ADDS TO THE PREDICTION OF INCIDENT RADIOGRAPHIC
OSTEOARTHRITIS IN INDIVIDUALS WITH RECENT ONSET OF KNEE
PAIN: FIVE-YEAR FOLLOW-UP IN THE CHECK COHORT
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Purpose: To evaluate whether and which separate features of radiographic
damage, measured quantitatively in knees with early symptoms related to
osteoarthritis (OA), are associated with the incidence of radiographic OA
and the persistence and/or progression of clinical OA during ﬁve-year
follow-up. When early radiographic features can predict ‘poor’ outcome,
this might enable identiﬁcation of OA earlier in the disease.
Methods: From the Cohort Hip & Cohort Knee (CHECK), studying early OA,
participants with knee pain at baseline (T0) were evaluated (n¼829
participants). Radiographic OA incidence was deﬁned on joint level (both
knees separately) as Kellgren & Lawrence (K&L) gradeII at ﬁve-year
follow-up (T5y). For analyses of predictors for ‘poor’ radiographic outcome,
knees with K&L<II at T0 were selected (n¼985 knees). Clinical OA was
